Reducing smoking among adolescents is a public health priority. Affect, craving, and cognitive processes have been identified as predictors of smoking in adolescents. The current study examined associations between implicit attitude for smoking (assessed via the positive-negative valence implicit association test) and affect, craving, and smoking assessed using ecological momentary assessment (EMA). Adolescent smokers (n ϭ 154; M age ϭ 16.57, SD ϭ 1.12) completed a laboratory assessment of implicit smoking attitudes and carried a palm-top computer for several days while smoking ad libitum. During EMA, they recorded affect, craving, and smoking behavior. Data were analyzed using a multilevel path analysis. At the between-subjects level, more positive implicit smoking attitude was indirectly associated with smoking rate via craving. This association was moderated by positive affect, such that it was stronger for those with greater traitlike positive affect. At the event (within-subject) level, implicit attitude potentiated associations between stress and craving and between positive affect and craving. Individuals with a more positive implicit attitude exhibited more robust indirect associations between momentary stress-positive affect and smoking. In sum, a more positive implicit attitude to smoking was associated with overall levels of craving and smoking and might have potentiated momentary affectcraving associations. Interventions that modify implicit attitude may be an approach for reducing adolescent smoking.
behaviors (Dvorak & Simons, 2008) . Recent research has shown that momentary affective states may predict smoking and craving in adolescent smokers (Mermelstein, Hedeker, & Weinstein, 2010) ; however, research on ab libitum smoking in adolescents is limited. Understanding factors associated with craving among adolescents may shed light on smoking in this population.
Recent research has also focused on cognitive processes in tobacco addiction, in the hope of finding cognitive targets for intervention (C. D. Robinson, Waters, Kang, & Sofuoglu, 2017) . According to the dual-process model of addiction, automatic (or implicit) cognitive processes are important for understanding addiction and relapse (Wiers et al., 2007) . Automatic processes include attentional bias toward substance relevant stimuli (Waters & Sayette, 2006) ; implicit motivation toward use (Ostafin & Brooks, 2011) ; implicit expectancies (O'Connor & Colder, 2009) ; and, most pertinent to the current study, implicit attitudes toward substance use (Waters et al., 2007) . Implicit attitudes are rapid, automatic evaluations of a target concept (Cunningham, Preacher, & Banaji, 2001 ) that have been widely investigated in psychopathology (Roefs et al., 2011) and addiction (e.g., Marhe, Waters, van de Wetering, & Franken, 2013) . In adult smokers, positive implicit attitudes toward smoking have been associated with higher craving and may be associated with relapse in some subgroups (Chassin, Presson, Sherman, Seo, & Macy, 2010) . In a recent study of adolescents, positive implicit attitudes were associated with higher past-year cigarette use (Ames, Xie, Shono, & Stacy, 2017) . However, others have found that implicit attitudes toward smoking do not predict daily smoking or nicotine dependence in adolescent Dutch and U.S. smokers (H. Larsen et al., 2014) .
The dual-process model also purports that effortful cognitive control is required to reduce the influence of automatic psychological processes, such as implicit attitudes (Wiers et al., 2007) . Effortful cognitive control is the degree to which an individual is able to exert self-regulatory control over behavior (Hofmann, Friese, & Strack, 2009) . It is important to note that research has shown that effortful control can be diminished (Muraven, Tice, & Baumeister, 1998) , and when this occurs, automatic cognitive processes become more influential predictors of behavior (Hofmann & Friese, 2008; Hofmann et al., 2009; Hofmann, Rauch, & Gawronski, 2007; Ostafin, Marlatt, & Greenwald, 2008) . This may be particularly important during adolescence, when effortful cognitive control has not yet been fully developed (Velanova, Wheeler, & Luna, 2009) . Effortful control resources might also be diminished by negative affective states (Bruyneel, Dewitte, Franses, & Dekimpe, 2009) , thereby increasing the influence of automatic cognitive processes (Ostafin & Brooks, 2011) . Research has suggested that in addition to negative affect, stress may be especially important among smokers due to associations with cigarette craving (Buchmann et al., 2010) . Furthermore, stress has been shown to diminish effortful control resources (Muraven & Baumeister, 2000) . Thus, the associations between automatic cognitive processes, craving, and smoking may be greater in individuals with generally higher negative affect and/or stress.
The current study examines implicit attitudes as a moderator of within-subject associations between affect and craving/smoking. Previous research has shown that within-subject changes in stressnegative affect are associated with increased craving (Buchmann et al., 2010; Childs & de Wit, 2010; Kleinjan et al., 2012) .
Within-subject associations between stress/negative affect and craving may be particularly pronounced in individuals with more positive implicit attitudes, because negative affect states may interact with automatic cognitive processes to potentiate substance use (e.g., Ostafin & Brooks, 2011) . The current study used ecological momentary assessment (EMA), which permitted collection of relatively large numbers of assessments from each participant, facilitating examination of within-subject associations.
Finally, some research has shown that positive affect may be associated with cigarette craving in ad libitum smokers (Zinser, Baker, Sherman, & Cannon, 1992) . Indeed, Baker and colleagues have suggested a model of craving in which positive affect leads to smoking urge in nondeprived smokers, whereas negative affect may be more important for deprived smokers (Baker, Morse, & Sherman, 1987) . This has been supported by Zinser and colleagues (1992) , who found that positive affect predicted craving in nondeprived smokers, whereas negative affect was related to craving among deprived smokers. This is consistent with the notion that positive affect is linked to drug craving via underlying reward systems important during the initial stages of the development of drug dependence (T. E. Robinson & Berridge, 1993) . In addition, positive affect may contribute to more rash action in the context of substance use (Cyders & Smith, 2008) . It is worth noting that the empirical data on associations between positive affect and smoking outcomes are quite sparse. In addition, we are not aware of any studies that have examined the interaction between positive affect and automatic psychological processes as a predictor of smokingrelated outcomes. However, there is a theoretical basis for predicting this interaction.
Research has suggested that positive emotional states may lead to hot information processing and an overreliance on automatic psychological processes (Cyders & Smith, 2008) . Indeed, research has shown that high arousal positive affect may inhibit evaluations of risk, leading to more risky/impulsive behaviors (EherenfreundHager & Taubman-Ben-Ari, 2016) . In addition, recent research has highlighted the importance of incentive-motivational models for adolescent use progression (see Lydon, Wilson, Child, & Geier, 2014) . Though not examined in adolescent smoking, recent research has indicated that more positive implicit attitudes may moderate associations between positive affect and behavior (Bongers, Jansen, Houben, & Roefs, 2013) . In a laboratory study examining alcohol consumption, Wardell and colleagues found that valenced affect (i.e., anything different from neutral affect) interacted with implicit tension-reduction expectancies to predict consumption; however, this was observed for only men (Wardell, Read, Curtin, & Merrill, 2012) . Given the relative dearth of research on positive emotion and smoking, positive affect was also examined in this study.
In summary, smoking among adolescents represents a significant public health concern. However, achieving and maintaining abstinence is difficult for adolescents, and understanding precursors to smoking is important. The current study examined implicit attitudes as both a predictor variable and a moderator variable. Regarding the former, implicit attitude may be associated with higher craving and thereby be related to increased smoking. Moreover, as noted earlier, associations may be stronger in individuals with greater negative affect. Regarding the latter, within-subject associations between affect and craving/smoking may be greater in individuals with more positive implicit attitudes. The current study This document is copyrighted by the American Psychological Association or one of its allied publishers.
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examines these associations in an EMA study of affect, craving, and smoking among a sample of ad libitum adolescent smokers.
Method Participants
Participants were adolescent daily smokers (n ϭ 154), ranging in age from 14 to 18 (M ϭ 16.57, SD ϭ 1.12). Female adolescents (n ϭ 60) constituted 38.85% of the sample; 81.53% were White, 7.64% Black, 7.64% American Indian or Alaskan Native, and 1.91% Asian, and 5.73% were of other races or did not respond. All participants were treated in accordance with American Psychological Association ethical guidelines for research (Sales & Folkman, 2000) . This study was approved by the Internal Review Board at Brown University.
Procedure
Participants were recruited as part of a larger study on adolescent smoking cessation (N ϭ 233). The current analysis examined a subsample of the larger sample (n ϭ 154; see the Data Preparation and Analysis section) and examined ad libitum smoking prior to making a quit attempt. Participants initially reported to the lab, where they were trained in the use of a handheld personal computer (the Teen Electronic Diary [TED] ). During this initial appointment, participants completed a series of paper-and-pencil assessments and reported demographic information. They were scheduled for follow-up sessions and then left with the TED. At a future session, participants completed the smoking implicit association test (IAT) and a measure of explicit smoking attitudes. The future session often occurred within 24 hr of the first session but not always. Most participants carried the TED for at least one day prior to administration of the IAT (M ϭ 1.54 days, SD ϭ 1.22, range ϭ 0 -7). For the current analysis, we exclude all EMA assessments prior to completing the IAT lab session (including those on the lab session day prior to the lab session but not after the lab session). Thus, the IAT was assessed prior to all EMA data. This resulted in the removal of 560 momentary assessments (M ϭ 3.64 per participant). After the IAT lab assessment, adolescents continued carrying the TED for a number of ad libitum smoking days leading up to a quit attempt. All data presented were collected prior to the quit attempt.
Participants were told that the purpose of the current study was to better understand what happens to adolescents when they try to quit smoking. At the initial lab session, adolescents were trained on the use of the TED. They completed sample assessments and were able to ask any questions. They returned after the first day of using the TED, discussed their experiences with lab personnel, and completed measures of salivary cotinine and carbon monoxide (CO). Participants returned for a third visit between 1 and 3 days after the second visit for another lab check-in. During this visit, participants again completed measures of CO and salivary cotinine (as well as measures of quitting self-efficacy not examined here). In total, participants met with research staff six times over the course of the entire 3-week study.
There were two types of assessments completed on the EMA device: random assessments and self-initiated smoking assessments. Random assessments were signaled throughout the day during groupings of 3-hr block time intervals (i.e., 0:00 -3:00, 3:00 -6:00, 6:00 -9:00, 9:00 -12:00, 12:00 -15:00, 15:00 -18:00, 18:00 -21:00, 21:00 -24:00). Participants also self-initiated assessments just prior to smoking. Identical affect items were presented at both the random and self-initiated smoking assessments. Two previous articles have been published from these data; however, these articles did not examine the role of implicit attitude (for further detail on the methods used, see Hoeppner, Kahler, & Gwaltney, 2014; Roberts, Bidwell, Colby, & Gwaltney, 2015) .
Apparatus
The EMA portion of the study was administered on a palm top computer (the TED). The TED software (Gwaltney, 2005) was administered on Hewlett Packard iPAQ handheld computers. This model is 4.5 in. ϫ 2.8 in. ϫ .5 in. and weighs 4.67 oz. It has a 16-bit TFT color display. The HP iPAQ runs the Windows Mobile 2003 OS, has 32 MB of flash memory, and is powered by a rechargeable lithium ion battery. Participants responded to items by directly pressing on the screen with a stylus. The TED randomly signaled participants to complete an assessment multiple times a day. In addition, participants would self-initiate an assessment just prior to smoking. Participants could set the TED to "Suspend" and/or "Sleep" during times when they were unable to complete an assessment. The EMA procedures (outlined in greater detail in the Measures section) followed the same basic procedures for assessing affect and ad libitum smoking in Shiffman et al. (2002) .
Measures
EMA affect and craving assessments. Affect items were developed based on the circumplex model of affect (R. J. Larsen, Diener, & Clark, 1992; Yik, Russell, & Steiger, 2011) . Items were selected to map onto the four quadrants of the model. Participants rated current affect and craving on the TED at two types of assessments: (a) random assessments and (b) self-initiated presmoking assessments. During both assessment types, participants rated current affects (e.g., the sentence stem "How are you feeling:" and these items: "Stressed?" "Sad?" "Irritable?" "Relaxed?" "Fidgety?" "Calm?" "Excited?" "Cheerful?" and "Crave a cigarette?") on an 11-point scale ranging from 0 (NO!!) to 10 (YES!!). A single indicator for negative affect was formed using the mean of sad, irritable, and fidgety (␣ ϭ .63). A single indicator for positive affect was formed using the mean of cheerful and excited (␣ ϭ .72). A single indicator for stress was formed using the mean of stressed, relaxed (reverse-coded), and calm (reversecoded; ␣ ϭ .75). These three variables served as the primary affect variables in the analysis.
EMA smoking assessments. Participants were asked to enter a smoking assessment prior to each cigarette they smoked. Participants could self-initiate a smoking assessment by selecting the Smoking button within the TED program. This triggered a survey that mirrored the random assessments (i.e., assessing affect and craving items). There was a positive association between the modified Fägerstrom Tolerance Questionnaire (mFTQ) and smoking, indicating that individuals with more smoking assessments also had higher levels of nicotine dependence (b ϭ .062, p ϭ .003). In addition, craving was higher at smoking assessments This document is copyrighted by the American Psychological Association or one of its allied publishers.
(M ϭ 8.30, SD ϭ 2.07) than at random assessments (M ϭ 6.33, SD ϭ 3.47), t(7168) ϭ 27.55, p Ͻ .001, Cohen's d ϭ 0.63, suggesting that smoking assessments were being completed prior to actual smoking behavior. Finally, self-reported smoking in the last 24 hr was positively correlated with CO assessed at the second meeting (r ϭ .30, p Ͻ .001), and smoking over the last 2-3 days (depending on when the third meeting occurred) was positively correlated with salivary cotinine from the third meeting (r ϭ .35, p Ͻ .001).
Modified Fägerstrom Tolerance Questionnaire (mFTQ). The mFTQ is the adolescent version of the Fägerstrom Tolerance Questionnaire (Prokhorov, Koehly, Pallonen, & Hudmon, 1998; Prokhorov, Pallonen, Fava, Ding, & Niaura, 1996) . This questionnaire contains seven items with a specified scoring criteria to reach a decision point for three discrete levels of nicotine dependence (0 -2 ϭ no dependence; 3-5 ϭ moderate dependence; 6 -9 ϭ substantial dependence). The mFTQ has shown good internal consistency and adequate test-retest reliability (Prokhorov et al., 2000; Prokhorov et al., 1996) . Internal consistency in the current sample was ␣ ϭ .65.
Implicit smoking attitude. Participants' implicit smoking attitude was assessed using the implicit association test (IAT) and was based on the IAT used by Waters et al. (2007) . The IAT (Greenwald, McGhee, & Schwartz, 1998) was programmed in E-Prime (Schneider, Eschman, & Zuccolotto, 2002) and had seven blocks: (a) practice of categorization for the target concept (smoking-not smoking; 24 trials), (b) practice of categorization for the attribute (good-bad; 24 trials), (c) first block of combined categorization task (Task 1; smoking ϩ good-not smoking ϩ bad; 24 trials), (d) second block for Task 1 (48 trials), (e) practice of categorization for the target concept but with the response keys reversed from the first block's assignment (not smoking-smoking; 24 trials), (f) first block of alternative combined categorization task (Task 2; e.g., not smoking ϩ good-smoking ϩ bad; 48 trials), and (g) second block for Task 2 (48 trials). Order of completion of the combined categorization blocks (i.e., 3-4 and 6 -7) was counterbalanced across participants. Following Swanson, Swanson, and Greenwald (2001) , pictures were used to capture concepts of smoking versus not smoking. Smoking pictures consisted of a single smoking object (e.g., a cigarette). Not-smoking pictures consisted of an everyday object such as a pencil and stapler. Words captured the "good" concept (Nice, Pleasant, Positive, Relaxing, Wonderful) and the "bad" concept (Nasty, Unpleasant, Negative, Irritating, Terrible).
On each trial, a stimulus (word or picture) was presented in the middle of a computer screen. Labels were placed on each side of the screen to remind participants of the categories assigned to each key for the current task. Participants pressed either the L key or the R key on the keyboard on each trial. The instructions were to respond as quickly and as accurately as possible. In Blocks 1, 2, and 5, the program selected items at random from the stimulus lists. In Blocks 3, 4, 6, and 7, the program selected items at random such that the sequence of trials alternated between the presentation of a (smoking-not smoking) picture and the presentation of a (good-bad) word. After a correct response, the next trial was initiated after a 150-ms intertrial interval. If the participant made an error, a red X appeared below the stimulus (picture or word) and remained until the participant responded correctly. Participants were instructed to correct their errors as quickly as possible.
The scoring algorithm recommended by Greenwald and colleagues was used to derive the IAT effect (Greenwald, Nosek, & Banaji, 2003, Table 7 ). This algorithm involves computing the difference score between mean reaction time (RT) on Task 1 and Task 2 and dividing the difference score by the pooled standard deviation of RTs. The resulting IAT effect, D, is similar to an effect-size measure and helps to mitigate a cognitive skill artifact associated with other scoring algorithms (Greenwald et al., 2003) . The algorithm also eliminates (a) participants with RTs Ͻ300 ms on Ͼ10% of the trials and (b) RTs Ͼ10,000 ms (nine participants). RTs on incorrect responses were replaced by the block mean (correct responses) ϩ 600 ms. The internal reliability of the IAT effect (D; r ϭ .78) was estimated by calculating the IAT effects (D scores) computed from Blocks 3 ϩ 6 and Blocks 4 ϩ 7, correlating these measures, and applying the Spearman-Brown formula to derive the split-half reliability coefficient (Parrott, 1991) .
The smoking IAT assesses the relative strength of automatic associations in memory (De Houwer, Custers, & De Clercq, 2006) . In the smoking IAT used here (a valence IAT), the IAT indicates whether associations are stronger between (a) smoking and positive and (b) not smoking and negative than between (a) not smoking and positive and (b) smoking and negative (Waters et al., 2007) . Administration and scoring of the IAT (using a D score) followed the procedures outlined in Greenwald et al. (2003) . Higher (more positive) IAT D scores indicate a more positive implicit attitude toward smoking. Previous research has supported the use of the valence IAT as a measure of automatic psychological processes (Cunningham et al., 2001) .
Explicit smoking attitude. Participants' explicit smoking attitude was assessed via five items. Participants were presented with the sentence stem "Smoking is . . ." followed by five items anchored at opposing poles ("positive/negative," "irritating/relaxing," "unpleasant/pleasant," "terrible/wonderful," "nasty/nice"). Each item was rated on a 7-point scale ranging from, for example, Ϫ3 (negative) to 3 (positive). Explicit smoking attitudes were initially added as a model covariate to control for reflective processes in the model; however, there were no significant effects of explicit attitudes in the model, and thus were removed (see Results section). Internal reliability in the current sample was ␣ ϭ .78.
Data Preparation and Analysis
The primary analysis was conducted in Mplus 8.0 (Muthén & Muthén, 2017) using maximum likelihood estimation with robust standard errors. The model examined direct and indirect associations between smoking behavior and affect/stress via craving at both subject (Level 2) and event (Level 1) levels. We further tested whether these paths were conditional on (moderated by) the IAT effect. IAT data were available for only n ϭ 164, because this assessment was introduced after study launch. In addition, 10 individuals made a quit attempt prior to their IAT lab assessment; these individuals were excluded from the analysis. There were 7,170 ad libitum event-level assessments, nested in 1,069 days, across 154 participants available for the primary analysis. The primary analysis examined a multilevel path model of event-level smoking as a function of the IAT effect, traitlike affect, stress, and craving at the subject level (Level 2) and as a function of current affect (positive and negative), stress, and craving at the momentary level (Level 1). Further, we examined whether (a) associations This document is copyrighted by the American Psychological Association or one of its allied publishers.
between the IAT effect (Level 2) and craving/smoking were moderated by affect states (Level 2) and (b) the IAT effect (Level 2) moderated associations between affect (positive and negative), stress, and craving at the momentary level (Level 1). At the between-subjects level, we used the distribution of product confidence limits approach to calculate bias-corrected indirect effects from the IAT to craving and smoking (MacKinnon, Fritz, Williams, & Lockwood, 2007) . At the subject level (Level 2), smoking (ratio of smoking to random assessments for each subject) was regressed onto grandmean-centered craving (i.e., mean levels of craving from all individual assessments at the event level, centered across participants), grand-mean-centered positive affect, grand-mean-centered negative affect, and grand-mean-centered stress. Subject-level craving was simultaneously regressed onto grand-mean-centered positive affect, grand-mean-centered negative affect, grand-mean-centered stress, and grand-mean-centered IAT effect. Mean affect (Level 2) was added as a moderator of the association between implicit attitudes and craving. Age and gender were added as covariates at Level 2.
At the event level (Level 1), we regressed event-level smoking (whether adolescents were about to initiate smoking) onto their person-day-centered momentary craving, person-day-centered positive affect, person-day-centered negative affect, and personday-centered stress. In addition, craving was simultaneously regressed onto person-day-centered positive affect, negative affect, and stress. The IAT was examined as a moderator of withinsubject associations between affect/stress, craving, and smoking (i.e., cross-level interactions).
The overall model was complex, with a categorical outcome and variance parsed across levels. Thus, traditional fit indices are not available. We utilized the following approach to determine the most parsimonious model. First, we sequentially examined eventlevel slopes and intercepts for significant variance components. There was a significant variance component for the craving intercept ( 2 ϭ 2.191, p Ͻ .001) and the smoking intercept ( 2 ϭ .310, p Ͻ .001), as well as for the slopes between craving and momentary positive affect ( 2 ϭ .049, p ϭ .002), craving and stress ( 2 ϭ .066, p Ͻ .001), and craving and smoking ( 2 ϭ .047, p Ͻ .001). These were allowed to vary randomly and are represented in Figure 1 by open circles. Next, we trimmed nonsignificant direct paths to the outcome variable across levels to increase model parsimony. At the event level (Level 1), only positive affect significantly predicted smoking; thus, paths from stress and negative affect were both dropped. Mirrored paths, as well as the positive affect path, were dropped at the subject level (Level 2). The final model is depicted in Figure 1 . Coefficients (reported on Figure 1 ) reflect (unstandardized) effect sizes for pathways shown.
Results

Descriptive Statistics
Descriptive statistics are reported in 
EMA Monitoring
Individuals carried the TED for 1,069 days of monitoring after completing the IAT lab session. Participants carried the TED for 1-13 days (M ϭ 4.20, SD ϭ 2.23) of ad libitum smoking prior to making a quit attempt (all days in the analysis were from the prequit attempt data). During this time, participants completed 7,170 assessments (random assessments ϭ 4,265; self-initiated presmoking assessments ϭ 2,905), completing an average of 8.60 assessments per day (SD ϭ 3.31). There were 4,839 random assessment signals during the monitoring period (i.e., between the IAT lab meeting and the quit attempt), yielding a compliance rate to random prompts of 88.14%.
Multilevel Path Analysis
Level 2 analyses. At the between-subjects level (Level 2), craving (mean craving) was positively associated with smoking rate (ratio of smoking assessments to random assessments for each participant; see Figure 1 ). That is, participants who reported generally higher craving reported a higher proportion of smoking (vs. random) assessments. None of the between-subjects affect states were associated with craving. Explicit smoking attitude (assessed using self-report) was not associated with mean craving (b ϭ Ϫ.092, p ϭ .400) or smoking rate (b ϭ .047, p ϭ .293). Further, explicit attitudes did not moderate any of the within-or between-subjects associations (ps ϭ .297-.703). In short, explicit attitudes had no significant effects in the model. We removed explicit attitudes from the model of the primary analyses reported in this article.
1
The IAT effect was positively associated with craving (b ϭ .430, p ϭ .030) and indirectly associated with smoking via craving (see Table 2 ). That is, participants who reported a more positive IAT effect reported higher craving and, in turn, reported a higher proportion of smoking assessments. At the between-subjects level (Level 2), the association between the IAT effect and craving was moderated by positive affect (see Figure 2) . At high levels of trait positive affect (i.e., ϩ1 SD), the IAT effect was positively associated with craving (b ϭ .963, p ϭ .002); however, at low levels (i.e., Ϫ1 SD) of trait positive affect, the IAT effect was not associated with craving (b ϭ Ϫ.102, p ϭ .696). Thus, the IAT effect was a more robust predictor of craving among ad libitum smoking adolescents with higher trait positive affect.
Level 1 analyses. At the event level (Level 1), momentary negative affect was positively associated with momentary craving. Thus, when individuals reported higher negative affect than their subject-specific average on a particular day, they reported higher 1 The indirect effect of the implicit association test to smoking, via craving, was slightly more robust when controlling for explicit attitudes. Results of analyses that tested all of the direct and mediation effects for explicit attitudes (mirroring implicit attitude paths) are available upon request from the first author. This document is copyrighted by the American Psychological Association or one of its allied publishers.
craving. Further, there was an indirect association between momentary negative affect and current smoking via momentary craving (see Table 2 ). There was also a positive association between momentary stress and craving that was moderated by the IAT effect (see Figure 3) . At high levels of IAT (i.e., ϩ1 SD), there was a robust positive association between momentary stress and craving (b ϭ .207, p Ͻ .001); however, this was attenuated at low levels (i.e., Ϫ1 SD) of IAT (b ϭ .084, p ϭ .034). Further, the indirect association between momentary stress and event-level smoking was robust among those with high IAT; however, this effect was substantially attenuated and nonsignificant among those with low IAT. Again, at the event level (Level 1), momentary positive affect was directly associated with event-level smoking, as well as indirectly associated with smoking via higher momentary craving (see Table 2 ). Further, the IAT effect moderated the direct association between momentary positive affect and smoking (see Figure 4) . At high levels of IAT (i.e., ϩ1 SD), momentary positive affect was associated with an increased likelihood of smoking (b ϭ .071, OR ϭ 1.07, p ϭ .002); however, at low levels (i.e., Ϫ1 SD) of IAT positive affect was not associated with smoking likelihood (b ϭ Ϫ.002, OR ϭ .99, p ϭ .934). Further, the total association between positive affect and smoking likelihood (i.e., direct and indirect via craving) was no longer significant (see Table 2 ).
Discussion
The current study examined the associations between implicit attitudes, affect, craving, and smoking in adolescents. Implicit attitudes were examined as a predictor variable and a moderator variable. At the between-subjects level, implicit smoking attitude was associated with craving, which in turn was associated with smoking. This association was moderated by positive affect, such that it was stronger for those with greater traitlike positive affect. At the event (within-subject) level, implicit attitude potentiated associations between stress and craving and between positive affect and craving. Individuals with a more positive implicit attitude exhibited more robust indirect associations between momentary stress-positive affect and smoking. These findings are discussed further later. Age and gender were added as covariates on all between-subjects variables but are omitted here for clarity.
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At the between-subjects level, implicit smoking attitude was positively associated with craving and indirectly related to smoking via craving. That is, participants who reported a more positive IAT effect reported higher craving and, in turn, reported more smoking. The between-subjects association between the IAT effect and craving is consistent with research in adults (Waters et al., 2007) and extends these findings to adolescents. These data suggest that modifying implicit smoking attitudes, perhaps through cognitive bias modification (Mühlig et al., 2016) , may help reduce ad libitum craving and smoking in adolescents. However, one should note that attempts to change behavior through manipulation of implicit associations in other domains have hitherto not been promising (Forscher et al., 2017) . On the other hand, Kong and colleagues (2015) found a small effect of cognitive bias modification on implicit approach bias and smoking behavior. Coupled with these results, it seems plausible that cognitive bias modification may alter automatic processes to reduce smoking. Also, it was noteworthy that the adolescents in the current study had a generally negative implicit attitude (faster response when smoking paired with bad; see also Waters et al., 2007) , though this may reflect the fact that the smokers in the current study were seeking to quit.
In addition, at the between-subjects level, it was hypothesized that affect states would moderate the association between the IAT effect and craving/smoking. Although we predicted that negative affect would serve as a moderator, the indirect association between implicit smoking attitudes and the rate of smoking (via craving) was more pronounced among individuals with higher levels of traitlike positive affect. The role of positive affect is discussed further later. At the within-subject level, it was hypothesized that momentary negative affect would be indirectly associated with ad libitum smoking via increased momentary craving and that this association would be stronger among those with a more positive implicit attitude toward smoking. This hypothesis was supported for momentary stress but not momentary negative affect. Thus, when adolescents experienced more stress than usual, they reported more craving and smoking, and this association was particularly strong for those with a more positive implicit attitude. This aligns with research indicating that some negative affective states may syner- Note. Data presented in each cell are the lower limit of the 95% confidence interval (CI), mean effect, and upper limit of the 95% CI. a Measuring positive affect. b Using an implicit association test to measure individual differences in smoking attitude. This document is copyrighted by the American Psychological Association or one of its allied publishers.
gistically interact with automatic cognitive processes to potentiate substance use (see Ostafin & Brooks, 2011) , perhaps due to the effect of negative affect on one's ability to effectively exert effort control (Bruyneel et al., 2009 ). However, this effect was not observed for negative affect (it was observed for only stress). This seems to highlight the distinct nature that qualitatively different negative affective states may have on effortful control. These findings suggest that developing adaptive ways of coping with momentary stress is particularly important among adolescent smokers, especially among those with a more positive implicit attitude. An intriguing finding is that positive affect exhibited a number of significant associations with smoking. At the between-subjects level, as noted earlier, positive affect was the only variable that significantly moderated the indirect association between implicit attitude and smoking. At the event level, positive affect was indirectly linked to event-level smoking via craving and was also the only momentary affective state with a direct association with concurrent smoking. This supports previous research linking positive affect with cigarette craving in ad libitum smokers (Zinser et al., 1992) and extends this finding to adolescents. Recent research has emphasized the role of incentive processes in adolescent smoking (Lydon et al., 2014) . This research has suggested that incentive motivational processes are particularly important in the early stages of smoking (Piasecki, Hedeker, Dierker, & Mermelstein, 2016; Selya, Dierker, Rose, Hedeker, & Mermelstein, 2016) and that positive affect may promote "hot" information processing that permits the execution of automatic processes.
Limitations and Strengths
Our findings should be interpreted within the context of study limitations. First, participants were enrolled in a smoking cessation trial. Though we included only precessation, ad libitum smoking, This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
data in the analysis, all individuals had endorsed a desire to quit and were only days away from making a cessation attempt. Thus, results may not generalize to more typical adolescent smokers not seeking to quit. Second, assessments occurring just prior to smoking may be subject to contamination by expectancy effects. Further, it is unclear how accurate these assessments are regarding the timing of smoking behavior. For example, we are not certain whether individuals were reporting affect, craving, and smoking events (a) before smoking, (b) while actually smoking, or (c) after smoking. The fact that craving was higher at smoking assessments, relative to random assessments, bolsters confidence that they were happening prior to smoking. In addition, this is a fairly standard method for assessing ad libitum smoking using EMA (for examples see Dunbar, Scharf, Kirchner, & Shiffman, 2010; Shiffman et al., 2014; Shiffman et al., 2002; Shiffman & Kirchner, 2009 ). Third, analyses are correlational, and the data do not permit strong conclusions regarding direction of causal relationships. For example, it is not known whether implicit attitude causes an increase in craving, or vice versa, though the current analysis does conceptualize implicit attitudes as more enduring aspects of cognition that do not fluctuate from moment to moment in the same manner as affect. Another limitation is the assessment of affect in this study. Though positive affect and stress showed good internal consistency, the internal consistency for the negative affect indicator was markedly lower. A replication of these findings with a more reliable assessment of affect is warranted. Finally, we did not examine the role of cognitive control in the current study. Given that dual process theory identifies cognitive control as a moderator of automatic psychological processes, future research should consider examining the current model in the context of varying levels of effortful control. The study also had strengths. Most notably, to the best of our knowledge it is the first study to examine the association between a laboratory measure of implicit cognition and craving/smoking assessed in the field in adolescent smokers. The study had a relatively large sample size, increasing power to detect moderate to small effect sizes.
Conclusion
In sum, the data indicate that implicit smoking attitude may contribute to smoking by increasing craving and potentiating momentary affect-craving associations. Further, this study highlights the role of positive affect among adolescent smokers. The results may help to identify adolescent smokers who are at risk of elevated craving/smoking, as well as when they are at risk of craving and smoking. Moreover, approaches that reduce implicit attitude to smoking, or that reduce the relationship between implicit attitude and momentary affect-craving associations, may be an avenue for reducing adolescent smoking. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
